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VACUUM PUMPING ARRANGEMENT 

The invention relates to a vacuum pumping arrangement. 

5 With reference to Figures 1 and 2, our earlier European patent application no. 
0,805,275 describes a compound vacuum pump having a regenerative pumping 
mechanism 1 and a molecular drag (Holweck) mechanism 2. Mounted within the 
pump housing 3 between bearings 4,5 is a shaft 6. The shaft 6 is adapted for 
rotation about its longitudinal axis and is driven by an electrical motor 7 

10 surrounding the shaft 6. 

The regenerative stage 1 comprises a rotor 9 mounted on the shaft 6. The rotor 9 
is in the form of a circular disc, the lower surface of which presents a substantially 
flat surface on which are positioned integrally therewith a plurality (six) of raised 

15 rings 10, 11, 12, 13, 14, 15 situated symmetrically on the rotor about its centre 

point. Mounted on each of the raised rings is a series of equally spaced blades B, 
for example, one hundred blades on each ring to form concentric annular arrays of 
blades. The width of each ring, and the corresponding size of the blades on each 
ring, gradually decreases from the outermost ring 15 to the innermost ring 10. 

20 Each of the blades is slightly arcuate with the concave side pointing in the 
direction of travel of the rotor. 

The body portion 1 6 of the housing 3 forms the stator and contains six circular 
channels in its upper surface which are of "keyhole" cross section and are of a 

25 size which closely accommodates in the rectangular section upper parts the six 
raised rings 10, 11, 12, 13, 14, 15; the circular section lower (as shown) parts 
accommodate the corresponding blades of the relevant raised ring. Each 
channel has a reduced cross sectional area (not shown) for a small part of its 
length of a shaped size substantially the same as that of the corresponding blades 

30 accommodated therein. This reduced cross sectional part of each channel forms 
the "stripper" which, in use, urges gas passing through that channel to be 
deflected by porting (not shown) in to the next (inner) channel until being 



wo 2005/059367 



"2- 



PCT/GB2004/005211 



exhausted from the pump via the bores 32, 33 in the body portion 1 6. 

This arrangement allows for radial sealing between the rotor and stator of the 
regenerative mechanism. In this respect, the radial sealing occurs between the 

5 sides of the raised rings 10, 11, 12, 13, 14, 15 and the corresponding sides of the 
rectangular cross sectional part of the relevant channel, ie at 1 7, 1 8, especially the 
outermost sides 18, as shown in respect of the ring 10 only to aid clarity in the 
drawings, due to thermal expansion of the rotor 9 during use of the pump. 
However, in view of the close tolerances required to effect such radial sealing, any 

10 dust or other debris which might accumulate on the outermost sides of the 

channels 18 through the action of centrifugal forces could, if allowed to build up, 
cause the pump to seize- 
In at least its preferred embodiment, the present invention seeks to solve this and 

15 other problems. 

In one aspect, the present invention provides a regenerative pumping mechanism 
comprising a rotor having a series of blades positioned in an annular array on one 
side of the rotor and extending axially into an annular channel of a stator within 
20 which the blades rotate, and means for actively controlling relative axial movement 
between the rotor and the stator so as to control the axial clearance between the 
rotor and the stator. 

By controlling the axial clearance between the rotor and the stator, controllable 
25 axial sealing can be provided between the rotor and the stator. As a 

consequence, there is no longer any requirement to provide radial sealing, thereby 
avoiding the aforementioned problem associated therewith; any dust or debris in 
the pumped gases can migrate away under centrifugal forces rather than 
becoming trapped between any radial seals. 

30 
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In a preferred embodiment, the means for actively controlling relative axial 
movement comprises an axial magnetic bearing for controlling axial movement of 
the rotor relative to the stator. 

Preferably, the axial magnetic bearing comprises an electromagnet arranged to 
draw the rotor towards the stator, and thereby achieve accurate control of the axial 
clearance between the rotor and stator, typically to a precision less than 10|im. 
To minimise pump length, the electromagnet may be conveniently mounted on the 
stator. 

Preferably, the electromagnet is supplemented by a second electromagnet 
arranged to draw the rotor away from the stator, thereby improving control of the 
axial clearance. The axial magnetic bearing preferably comprises a magnetic 
bearing rotor, the magnetic bearing rotor and the rotor of the regenerative 
mechanism being located on a common shaft, the magnetic bearing rotor being 
located between the electromagnets. A control device may be arranged to control 
the strength of the magnetic field generated by the electromagnet(s) and thus the 
axial position of the rotor relative to the stator. 

In an alternative embodiment, the means for actively controlling axial movement 
comprises an actuator, for example, a linear actuator, actuable to control the axial 
position of the rotor, for example, by moving a rolling bearing supporting the drive 
shaft. As the overall extent of the relative movement of the rotor and stator may 
be less than 50pm, the actuator may conveniently comprise a magnetostrictive 
material, with a control device arranged to control the strength of a magnetic field 
applied to the actuator being provided, thereby accurately controlling the length of 
the actuator and thus the axial position of the rotor relative to the stator. Any 
other convenient mechanism for accurately moving the rotor relative to the stator 
may be provided. For example, a piezoelectric actuator may be provided, which 
defomns in response to a voltage supplied thereto by the control means to move 
the rotor relative to the stator. Alternatively, a metallic ring, tube or other element 
can be provided, which is selectively heated by the controller so that the resulting 
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thermal expansion of the element causes the rotor to move relative to the stator. 
The most appropriate mechanism can be chosen for the extent of the required 
movement of the rotor relative to the stator. 

5 In a preferred arrangement, the mechanism comprises means for detecting the 
axial position of the rotor relative to the stator and means for controlling the means 
for actively controlling relative axial movement in response to the detected 
position. A sensor may be provided for detecting the size, or the rate of change, 
of a clearance between the rotors and the stator. The sensor may be 

10 conveniently provided by a Hall effect sensor. The sensor can be calibrated by 
determining the position of the rotor when there is a predetermined axial clearance 
between the rotor and the stator. This could be achieved by moving the rotor 
axially until contact occurs (with the rotor non-rotational) either before use or once 
the pump has warmed up in order to account for thermal effects. Alternatively, 

15 these thermal effects could be built into the controller, so that they are taken Into 
account when detemriining the size of the axial clearance from a signal output from 
the sensor. 

A back-up bearing may be provided to limit the amount of relative movement 
20 between the rotor and the stator. 

At least one of the rotor and the stator is formed from, or coated with, a wear- 
resistant, or self-lubricating, material to minimise damage in the event of contact 
between the rotor and the stator. 

25 

In a preferred embodiment, the rotor has at least two series of blades positioned in 
concentric annular arrays on the side of the rotor and the stator has a 
corresponding number of channels within which the blades of the arrays can rotate 
and means are provided to link the channels to form a continuous passageway 
30 through which fluid can pass. 
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As radial sealing can been dispensed witli, a drive shaft for driving the mechanism 
may be supported at each end thereof by a lubricant free bearing, such as a 
magnetic bearing. Providing full magnetic support for the drive shaft had 
previously been difficult in view of the requirement for the radial running 
5 clearances for the radial seals to be less than 0.1 mm; typical back-up bearing 
clearances are greater than 0.1 5mm. 

The present Invention also provides a pumping arrangement comprising a 
regenerative pumping mechanism as aforementioned. The arrangement may 

10 comprise means for controlling the axial clearance between the rotor and the 
stator and so control the pressure In a chamber connected to the pumping 
arrangement. For example, the axial clearance may be increased so that one or 
more of the stages of the pumping mechanism leak pumped fluid back to the 
previous stage. During roughing of the chamber, control of the axial clearance can 

15 allow a greater rate of fluid flow past the otherwise restrictive exhaust stages of the 
regenerative mechanism, thereby improving pumping speed. 

Thus, in another aspect the present invention provides pumping arrangement for 
controlling pressure in a chamber, the arrangement comprising a regenerative 
20 pumping mechanism comprising a rotor having a series of blades positioned in an 
annular array on one side of the rotor, and a stator having an annular channel 
within which the blades rotate; and means for effecting axial movement of the rotor 
during use of the pump to control the axial clearance between the rotor and the 
stator and so control the pressure in the chamber. 

25 

Preferred features of the present Invention will now be described, by way of 
example only, with reference to the accompanying drawing, in which :- 

Figure 1 is a sectional view through a representation of a prior vacuum pumping 
30 arrangement having both regenerative and Holweck stages; 



Figure 2 is an enlarged sectional view of the representation shown in Figure 1 ; 
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Figure 3 is a section view through a representation of a vacuum pumping 
arrangement of the invention; 

5 Figure 4 is an enlarged sectional view of the representation shown in Figure 3; 

Figure 5 is an enlarged section view of a pumping stage of the regenerative 
pumping mechanism of the pumping arrangement of Figure 3; 

10 Figure 6 illustrates a chamber pressure control mechanism; 

Figure 7 is another enlarged sectional view of the representation shown in Figure 
3. 

15 With reference to Figure 3, a vacuum pumping arrangement 100 comprises a 
molecular pumping mechanism 102, which may comprise one or both of a 
turbomolecular pumping mechanism and a molecular drag pumping mechanism, 
and a regenerative pumping mechanism 104. The inlet 105 of the pumping 
arrangement may be in fluid connection with a semiconductor processing chamber 

20 in which a clean environment is required. In use, gas in molecular flow conditions 
is drawn in through the inlet to the molecular pumping mechanism 102 which 
urges molecules into the regenerative pumping mechanism 104. Gas is 
exhausted at atmospheric pressure or thereabouts through an exhaust (not 
shown). 

25 

The pumping mechanisms are housed in a housing, which is formed in three 
separate parts 1 06, 1 08, 11 0. Part 1 06 forms the inner surfaces of the molecular 
pumping mechanism 102, and part 108 forms the stator of the regenerative 
pumping mechanism 104. Part 110 defines a recess 1 12 for receiving a radial 
30 magnetic bearing 1 1 4 for supporting one end of a drive shaft 116. The magnetic 
bearing 114 may be an active bearing, using electromagnets, or a passive 
bearing, using permanent magnets. A back-up bearing 118 may also provided to 
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prevent excess radial movement of the shaft 1 1 6 in the event of, say, power 
failure. The other end of the drive shaft 1 1 6 is also supported by a radial 
magnetic bearing 115 and a back-up bearing 119. 

5 Drive shaft 1 16 is driven by motor 120. The motor 120 may be supported at any 
convenient position in the vacuum pumping arrangement. The motor is adapted 
to be able to drive simultaneously the molecular pumping mechanism 102 and the 
regenerative pumping mechanism 104. As a regenerative pumping mechanism 
generally requires more power for operation than a molecular pumping mechanism 
10 in view of the regenerative pumping mechanism operating at pressures close to 
atmosphere where windage and air resistance is relatively high, the motor is 
selected for powering the regenerative pumping mechanism 104. 

The regenerative pumping mechanism 104 comprises a stator 108 and a rotor 
15 1 22. The stator has a plurality of linked circumferential pumping channels 1 24 
disposed concentrically about the longitudinal axis A of the drive shaft 1 16. The 
rotor 124 is mounted to, or integral with, the drive shaft 116, and comprises a 
plurality of arrays of rotor blades B extending axially into respective circumferential 
pumping channels 126. In the embodiment shown in Figure 3, the regenerative 
20 pumping mechanism 104 comprises seven pumping stages, for each stage a 
circumferential array of rotor blades B extending into a respective channel. 
During operation, the drive shaft 116 rotates the rotor 122, which causes the rotor 
blades B to travel along the pumping channels, pumping gas from an inlet (not 
shown), through each of the pumping stages in turn (from the outermost stage to 
25 the innermost stage) to an outlet (not shown) where the pumped gas is exhausted 
at a pressure close to or at atmospheric pressure. 

An enlarged cross-section of the regenerative pumping mechanism 104 is shown 
in Figure 4. Each circumferential array of blades B is mounted on a respective 
30 raised ring 128 of the lower surface 130 of the rotor 122, the height of the raised 
rings 1 28 being much smaller than that of the raised rings 1 0, 1 1 , 1 2, 1 3, 1 4, 1 5 of 
the prior regenerative mechanism 1 shown in Figure 2. As known, each channel 
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has a reduced cross sectional area (not shown) for a small part of its length of a 
shaped size substantially the same as that of the corresponding blades 
accommodated therein. This reduced cross sectional part of each channel forms 
the "stripper" which, in use, urges gas passing through that channel to be 
5 deflected by porting (not shown) in to the next (inner) channel until being 
exhausted from the pumping arrangement 100. 

In contrast to the regenerative pumping mechanism 1 of Figure 2, the regenerative 
pumping mechanism 104 of the pumping arrangement 100 does not employ radial 

10 sealing between the rotor and stator, but instead relies on axial sealing. With 
reference to Figure 5, for efficient operation of the regenerative pumping 
mechanism 104, it is important that the axial clearance "C" between the lower 
surface 130 of the rotor 122 and upper surface 132 of the stator 108 is closely 
controlled, and preferably kept to no more than 200 \xm or less, and preferably less 

15 than 80 |im, during operation. An increase in clearance "C", for example, due the 
application by the pumped gas of an axial load on the rotor 122 tending to push 
the rotor 122 away from the stator 108, would lead to significant seepage of gas 
out of the pumping channels 126 and vary the pumping performance of the 
regenerative pumping mechanism 104. 

20 

In order to actively control the axial clearance C between the rotor 122 and the 
stator 108, and thus control the pumping performance, the pumping arrangement 
100 includes an axial magnetic bearing 140. With reference to Figure 4, the axial 
magnetic bearing 140 comprises a magnetic bearing rotor 142 mounted on, or 

25 integrally formed with, the drive shaft 116, the magnetic bearing rotor 142 being 
located between a first electromagnet 144 and a second electromagnet 146 
mounted in the stator 108. Using a control device 1 50 (as shown in figure 6), the 
voltage applied to the electromagnets is selectively controlled to adjust the position 
of the magnetic bearing rotor 142 between the electromagnets 144, 146, thereby 

30 controlling the axial position of the rotor 122 relative to the stator 108 and thus the 
size of the axial clearance C. In the arrangement shown in Figure 4, increasing 
the voltage applied to the first electromagnet 144 tends to draw the rotor 122 
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towards the stator 1 08, whilst increasing the voltage applied to the second 
electromagnet 146 tends to draw the rotor 122 away from the stator 108. 

A positional sensor 152 can be used to detect the axial position of the rotor 122 (or 
5 drive shaft 116) and output signals indicative of the position of the rotor 122 to the 
control device 150 to enable the magnitude of the voltages applied to the 
electromagnets 144, 146 to be varied as required to control the axial clearance C. 
Additionally, or alternatively, the pressure in the chamber 1 60 being evacuated by 
the pumping arrangement 100 can be measured using gauge 170, for example, a 

10 Pirani gauge. The gauge 170 outputs a signal indicative of the pressure in the 
chamber 160. This signal is fed into a control device 150, which uses the signal to 
provide a comparison between the current pressure in the chamber 160 and the 
desired pressure. Depending on the result of the comparison, the control device 
150 can adjust the axial clearance C to control the rate of flow of fluid through the 

15 regenerative pumping mechanism (for example, by increasing the axial clearance 
C so that the pumped gas is caused to by-pass the stages of the regenerative 
pumping mechanism 104) and thereby adjust the pressure in the chamber 160. 
This can be particularly useful during roughing of the chamber 160 from 
atmospheric pressure, where increasing the axial clearance C can allow for an 

20 increased rate of fluid flow past the otherwise restrictive exhaust stages. 

In the event that the rotor 122 and stator 1 08 come into contact, a combination of 
hard coatings and self-lubricating materials can be used for the surfaces 130, 132 
of the rotor 122 and stator 108 to allow contact to occur without damage and only 
25 minimal wear. 

In summary, a regenerative pumping mechanism comprises a rotor having a 
series of blades positioned in an annular array on one side of the rotor, and a 
stator having an annular channel within which the blades rotate. In order to 
30 control the axial clearance between the rotor and the stator, an axial magnetic 
bearing actively controls relative axial movement between the rotor and the stator. 
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This can allow the pumping mechanism to provide controllable axial sealing 
between the rotor and the stator, as opposed to radial sealing. 

It is to be understood that the foregoing represents one embodiment of the 
5 invention, others of which will no doubt occur to the skilled addressee without 
departing from the true scope of the invention as defined by the claims appended 
hereto. 

For example, as an alternative to using a magnetic bearing to control movement of 
10 the rotor relative to the stator, or as a back-up in the event of a failure of the 

control of the magnetic bearing, Figure 7 illustrates a linear actuator 200 may be 
used to control the axial position of the rotor 122 relative to the stator 108. The 
actuator may be located, for example, axially between the drive shaft 116 and 
back-up bearing 118, and actuated to adjust the axial position of the drive shaft 
15 116, for example by controlling the position of bearing 118. The actuator may 
take any convenient forni. For example, the actuator may be in the form of a 
linear actuator formed from magnetostrictive material, the length of which varies in 
relation to the strength of a magnetic field applied thereto by a surrounding 
electromagnet 202. The control device 150 may be configured to control the 
20 voltage supplied to this electromagnet in response to a signal output from sensor 
152 indicative of an axial clearance between the drive shaft 116 and the stator in 
order to control the length of the actuator 200 and thus the axial position of the 
rotor relative to the stator. 



25 



